The authors investigated the analgesic effects of small morphine doses injected into the paraventricular nucleus (PVN) of normal rats and hypophysectomized (Hx) rats. An injection cannula was stereo tactically inserted into the PVN or third ventricle. On the 5-7th postoperative day, morphine (7&mu;g) was injected and the pain threshold (paw lick latency: PLL) was measured using a hot plate analgesia meter (52.0 &plusmn; 0.1&deg;C). PVN morphine injection caused significantly longer PLL than the control (physiological saline) in both normal and Hx rats. Ventricular morphine injection did not increase PLL over the control. PVN is a site of morphine action. The analgesia induced by PVN morphine injection was not affected by hypophysectomy, or induced by leaking of morphine into the third ventricle.
Introduction
The hypothalamus and pituitary gland have impor tant functions in the endocrine system. They are also closely related with pain and have been targets for analgesic operations such as posterior hypo thalamotomy27) or hypophysectomy. 28, 31, 35, 40) Morphine has a direct action on the dorsal horn of the spinal cord.g,21,39) It also induces analgesia by acting on the supraspinal level' 1,42) and by suppress ing the dorsal horn of the spinal cord in the descend ing direction. At the supraspinal level, the important sites of morphine action are the periaqueductal gray in the brainstem16,36,43) and the nucleus reticularis paragigantocelluraris. ') Superior to the brainstem, the sites of morphine action are the lateral nuclei of the thalamus4) and the hypothalamus. 15,26,42) Contradictory reports sug gest that morphine injection into the hypothalamus does ', 15,19,26,42) and does not 15,43) have an analgesic effect. Very little is therefore known about the relationship between morphine analgesia and the hypothalamus.
Animal experiments suggest that hypophysectomy does not increase the pain threshold.2,6,'0,'2) However, morphine administration in the hypophysectomized (Hx) rat reinforces the analgesic effect,3,12,23,451 and pituitary gland extract enhances morphine analgesia. 12) Therefore, the relationship between mor phine analgesia and the pituitary gland is also unclear.
There is a close relationship between the pituitary gland and the paraventricular nucleus (PVN) in the anterior hypothalamus. 17) To investigate the role of the hypothalamo-hypophyseal system in pain con trol, we studied morphine analgesia and the feed back mechanism through the hypothalamus by injecting small amounts of morphine into the PVN. We also evaluated the effect of hypophysectomy on morphine analgesia.
Materials and Methods
Twenty-two male Sprague-Dawley rats (260-360 gm) were divided into 4 groups. Group 1: physiological saline (PS) was injected into the PVN of non-Hx rats (n = 5). Group 2: morphine hydrochloride (morphine) was injected into the PVN of non-Hx rats (n = 8). Group 3: morphine was injected into the PVN of Hx rats (n = 5). Group 4: morphine was injected into the third ventricle of non-Hx rats (n = 4).
Animals were anesthetized with sodium pentobar bital (45 mg/kg, intraperitoneal injection) and fixed onto a stereotactic frame. A stainless steel guide cannula (0.6 mm outer diameter, 0.3 mm inner dia meter) was inserted 1 mm above the right PVN ([6.6 mm anterior to the vertical zero plane, 0.3 mm lateral to the midline, 2.2 mm ventral to the horizontal zero plane] chart of Pellegrino et a1.33') The guide cannula was fixed onto the cranial bone with dental acrylic cement. An inner tube of 0.3 mm diameter was inserted to prevent blocking. Group 3 animals underwent microsurgical total removal of the pituitary gland through a parapharyn geal approach before the stereotactic operation. In Group 4 animals, the guide cannula was positioned in the third ventricle (6.2 mm anterior to the ver tical zero plane, 0 mm lateral to the midline, 2.6 mm ventral to the horizontal zero plane). An inner tube 0.3 mm in diameter was inserted after confirm ing cerebrospinal fluid flow.
Morphine or PS solution was injected with the animal at rest and awake on the 5-7th postoperative day. The inner tube was withdrawn, and a stainless steel injection cannula (0.3 mm outer diameter) con nected to a 1 ul Hamilton syringe through a poly ethylene tube was inserted with the tip contacting the right PVN, located 1 mm from the cannula tip. Morphine solution of 0.7,ul (7,ug) or 0.7,ul PS was injected over about 40 seconds. After injection, the cannula was retained in position for 3 minutes to disperse the solution, and then withdrawn.
The pain threshold was quantitatively determined by the hot plate method (hot plate analgesia meter MK-350, Muromachi Co., Ltd., Tokyo). The paw lick latency (PLL), the time from placing the rat on a hot plate at 52 ± 0.1 °C until the animal began to lick the anterior or posterior paw, was determined. The PLL was measured twice before PS or morphine injection and every 30 minutes after injection for 90 minutes. If no paw licking occurred within 60 sec onds, the PLL measurement was stopped, and this was considered as complete analgesia. PLL were measured between 14:00 and 17:00. The Wilcoxon test was used to compare the PLL in the control group (Group 1) and the other groups.
After the experiment was completed, a 0.2 mm diameter electrode was inserted into the guide cannula in all rats under sodium pentobarbital anesthesia. A lesion was formed by passing 70µA direct current for 30-40 seconds. The animals were perfused with 10% formalin, the brain removed and fixed with 10% formalin.
The fixed brain was embedded in paraffin, and 5 ,um continuous sections prepared. The section was stained with hematoxylin eosin, and the position of the injection cannula tip was confirmed histologically (Fig. 1 ). Results Table 1 summarizes the experimental results. There was no difference between the PLL before and after PS injection in Group 1. In Group 2, the PLL peak ed at 30 minutes after morphine injection into the PVN and it was prolonged at both 60 and 90 minutes after the injection. The PLL was significantly greater at 30 and 60 minutes compared with Group 1 (p < 0.01). The PLL in Group 3 was prolonged up to 90 minutes after morphine injection peaking at 30 minutes. All values were significantly longer com pared with the PLL of the control group (p < 0.01). Comparison of Groups 2 and 3 showed there was no statistically significant difference in analgesic effect. In Group 4, the PLL did not differ from the PLL in the control group. No analgesic effect was obtained by the dose of morphine (7 ,ug) administered in this study. Figure 2 shows the location of the cannula tip. The injection cannula was at the PVN in Groups 1-3. In Group 4, the cannula had punctuated into the third ventricle. All pituitary glands were completely extracted in Group 3.
Discussion
Our results show the pain threshold was apparently increased in the non-Hx group compared with the control group, but it was also increased in Hx rats.
Foster et al.9) reported that 25 pg morphine injected to the anterior hypothalamus induced analgesia, although the PVN may or may not have been the target. In contrast, analgesia was not obtained by 10,ug morphine injected to the anterior hypo thalamus."' Our experiments suggest that the an terior hypothalamus, especially the PVN, is a very important site of morphine action because the analgesic effect was obtained with a small amount of morphine (7 Mg). Table 1 Paw lick latency before and after injection of physiological saline or morphine Jacquet and Lajtha15) reported no analgesia was ob served by the flinch-jump test after microinjection of 10,ug morphine into the anterior hypothalamus of rats, although the injection site was not specified. However, when they injected lOpg morphine into the third ventricle, the pain threshold increased. Higher morphine doses in the third ventricle do in duce analgesia.",",") Therefore, to exclude analgesia caused by morphine leaking into the third ventricle, 7 pg morphine was injected into the third ventricle. No analgesic effect was induced by this relatively low dose in this study (Table 1) . Our experiments show that the PVN is very probably the site of morphine action because analgesia is induced by low doses of morphine directly injected to the PVN but not when given to other sites in the anterior hypothalamus or the third ventricle. Recent reports7'36) suggest that morphine injected into the third ventricle of the cat or rat does not activate but rather blocks the des cending pain suppression system. Further study on the analgesic effect of morphine in the third ventricle in animals is needed.
What then is analgesic pathway induced by mor phine injection into the PVN? Pittman et al.34) reported that electrical stimulation of the PVN neuron caused the level of posterior pituitary hor mones measured by perfusion around the spinal cord to rise. These hormones are derived from the ter minals of PVN fibers on the dorsal horn of the spinal cord. Swanson et al.37, 38) demonstrated anatomically the presence of a nerve tract from the PVN to the spinal cord in the rat. Kawajiri and Satoh19) sug gested the existence of a descending pain suppression tract from the PVN to the spinal cord. Therefore, the analgesia obtained by PVN morphine injection may be the result of direct suppression of the dorsal horn neuron. However, fibers also project from the PVN to the brainstem,'3,38) so the analgesia may be the result of suppression of the dorsal horn neuron indirectly through the brainstem.
This study also investigated the effect of hypo physectomy on the analgesic effect of PVN mor phine injection. Table 1 shows that there was no difference in pain threshold between the Hx and non-Hx rats. It appears that, when the pituitary gland is extracted, the feedback mechanism works and the hypothalamus becomes hyperfunctional. However, the analgesic effect of PVN morphine in Hx rats is about the same as in the non-Hx group. Therefore, the PVN is related to morphine analgesia, independent of the pituitary gland. Previous reports pointed out that hypophysectomy reinforced sub cutaneous or intraperitoneal morphine anal gesia, 3,12,23,45> but none investigated its effect on the PVN morphine analgesic effect. When administered systemically, morphine acts simultaneously on a large number of receptors, including the PVN morphine receptors and analgesia occurs as a result. This may be different from the response caused by local morphine injection. Also, there may be other factors such as the different concentrations in cerebral tissues resulting from local injection and systemic administration, or variable sensitivity to morphine with individual brain sites. Kasson et al.") found that hypophysectomy did not increase analgesia induced by subcutaneous morphine in jection in the rat, and suggested that removal of the pituitary gland is not always closely related with morphine analgesia.
The presence of endogenous opioid peptides, for example fl-endorphin, in the hypothalamus or pituitary gland is important 2') because /3-endorphin in particular has a strong analgesic effect.2''41j Previously, ,6-endorphin formed in the pituitary gland was believed to return to the brain and induce analgesia. However, clinically analgesia is obtained even when the /3-endorphin blood level is decreased after hypophysectomy. Also, the same opioid pep tides present in the pituitary gland are also produced in brain nerve cells, 14,24) and the existence of retrograde blood flow from the pituitary gland to the hypothalamus') is doubtful. Therefore, fl-endorphin formed in the pituitary gland is now not considered to cause analgesia.") We did not investigate the endogenous opioid peptides, and future study is necessary on the relationship between the hypo thalamo-hypophyseal system and the pain control mechanism. The present study shows that the PVN is an important action site above the brainstem level because low doses of morphine injected there induce remarkable analgesic effects. 198: 190-195, 1980 39) Takagi [597] [598] [599] [600] 1975 
